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(54) Title: METHOD OF PHASE SHIFT LITHOGRAPHY 
(57) Abstract 

A method of phase shift lithography includes forming a chromeless 
phase shift reticle (10) with a pattern of parallel, spaced phase shifters (14). 
An exposure energy (22) is directed through the phase shift reticle (10) and 
onto a target (18) having a layer resist (23) formed thereon. Following an 
initial exposure, the phase shift reticle (10) is rotated and the resist (23) is 
exposed a second time. The resist (23) is then developed to form features 
in areas of resist that have not been exposed. These areas correspond to 
the projected points of intersection (34) of the phase shifters (14). Using 
a positive tone resist, solid resist features are formed. These solid features 
can be used to form a mask (46) for etching the target (18) to form field 
emitter sites (38) for a field emission display. Using a negative tone resist, 
open areas are formed in the resist (23) and can be used to deposit a material 
on the substrate such as contacts (56) on a semiconducting substrate (48). 
The method of the invention can also be implemented using two different 
reticles (10) with intersecting patterns or using a single reticle (10) having 
intersecting phase shift areas. 
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Method of Phase Shift Lithography 

Field of the Invention 

This invention relates generally to photolithography and 
5 more particularly to photolithography using phase shifting. 
The method of the invention can be used in the formation of 
microelectronic components such as semiconductor devices and 
emitter sites for field emission displays. 

10 

Background of the Invention 

In photolithography, an exposure energy, such as 
ultraviolet light, is passed through a reticle or mask and 
onto a target such as a semiconductor wafer. The reticle 

15 contains opaque and transparent regions formed in a 
predetermined pattern. The exposure energy exposes the 
reticle pattern on a layer of resist formed on the target. 
The resist is then developed for removing either the exposed 
portions of resist for a positive resist or the unexposed 

20 portions of resist for a negative resist. The patterned 
resist can then be used during a subsequent fabrication 
process such as deposition, etching or ion implantation. 

One technique used in photolithography is known as phase 
shift lithography. With phase shift lithography, the 

25 interference between waves of an exposure energy is used to 
overcome diffraction and improve the resolution and depth of 
optical images projected onto the target. In phase shift 
lithography, the phase of the exposure energy at the target is 
controlled such that adjacent bright areas are formed 

30 preferably 180 degrees out of phase with one another. Dark 
regions are thus produced between the bright areas by 
destructive interference. This technique improves total 
resolution at the target and allows resolutions as fine as 
0.25|im to occur. 

35 In the past, phase shift reticles have been used 

experimentally to print sub micron features. However, phase 
shift lithography is still in research and development stages 
and has not been used extensively for commercial volume 
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manufacturing. One reason phase shift lithography is not 
widely used commercially, is the high defect density which 
results during its use. Any defects on the reticle can be 
printed onto the target and reticles are difficult to form 
without defects. 

One other shortcoming of phase shift lithography and 
photolithography in general, is that targets having large 
surface areas are difficult to accurately pattern. As an 
example, field emission displays (FEDs) used in the formation 
of flat panel displays, include display screens and other 
components that have a relatively large surface area m 
general, the exposure tools and alignment fixtures used for 
patterning large areas do not produce as fine a resolution as 
with a smaller target, such as a wafer. it would be 
advantageous to use photolithography and particularly phase 
shift lithography in patterning large area targets. 

One type of phase shift reticle is referred to as a 
chromeless reticle. A chromeless reticle does not include 
opaque (e.g., chrome) areas to convey a pattern. Rather, in a 
chromeless phase shift reticle, phase shifters can be formed 
by areas of a transparent substrate having an increased 
thickness relative to light transmission areas of the 
substrate. These areas of increased thickness can be formed 
using a subtractive process wherein the substrate is etched or 
using an additive process wherein a phase shift material is 
added. With a chromeless reticle, the exposure energy passing 
through a phase shifter must travel a greater distance through 
the substrate and is therefore phase shifted relative to 
exposure energy passing through an adjacent light transmission 



area. 



With a chromeless phase shifting reticle, the pattern is 
carried by the edge of the phase shifters which prints a 
narrow dark line or null on the target. The amplitude of the 
electric field passing through zero insures a 2ero intensity 
at the target. The dark lines formed at the target are 
extremely narrow and have a much higher contrast in comparison 
to dark lines produced by a narrow opaque object without phase 
shifting. 
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The present invention is directed to an improved method 
of phase shift lithography in which image resolution in two 
directions can be controlled (e.g., x and y directions). This 
enables small features to be formed with both a sub-micron 
width and length. In addition, the present invention provides 
an improved method of phase shift lithography in which defects 
are minimized. Furthermore, the method of the invention 
allows large surface areas to be patterned with a high 
resolution. 



Qb-iects of the Invention 

Accordingly, it is an object of the present invention to 
provide an improved method of phase shift lithography. 

It is another object of the present invention to provide 
an improved method of phase shift lithography in which image 
defects are minimized and image resolution is improved. 

It is yet another object of the present invention to 
provide an improved method of phase shift lithography that is 
suitable for patterning large surface area targets. 

It is yet another object of the present invention to 
provide an improved method for forming microelectronic 
components such as semiconductor devices, field emitter sites 
and Spindt cathodes for field emission displays (FEDs) , 
utilizing phase shift lithography. 



Summary of the Invention 

In accordance with the present invention, an improved 
method of phase shift lithography is provided. The method 
includes forming a chromeless phase shift reticle with a 
pattern of parallel, spaced phase shifters and forming a 
target with a layer of resist. An exposure energy such as a 
UV light is directed through the reticle to expose the reticle 
pattern on the resist. The reticle is then rotated through a 
desired angle and the resist is exposed again. This results 
in the resist being double exposed in some areas. Conversely 



SUBSTITUTE SHEET (RULE 26) 



WO 98/02784 

^ PCT/IB96/00788 

the resist is unexposed in areas corresponding to the 
projected intersection points of the phase shifters. The 
features formed on the resist correspond to the projected 
intersection points and print as circles having a small area 
5 Wxth the present method, the location and size of the 

features in the resist are defined by the projected 
intersection of the phase shifters rather than solely by the 
retxcle pattern. This reduces the number of reticle pattern 
defects printed on the target because defects are less likely 
10 to occur at points of intersection. Furthermore, a high 
feature resolution across a large surface area can be effected 
because a spacing between the phase shifters is a determining 
factor in forming the printed pattern. This spacing can be 
accurately maintained even over a large surface area 
15 The method of the invention can be used with a positive 

tone resxst to form a photomask having a pattern of solid 
areas (x.e., islands) with a very small surface area. These 
solxd areas can be used directly or to form a hard mask for 
mxcroelectronic processes such as etching, deposition and ion 
20 plantation. One application of the method using a positive 
tone resist is in forming field emitter sites for a field 
emission display. 

The method of the invention can also be used with a 
negatxve tone resist to form a photomask with a pattern of 
25 open areas. These open areas have a very small surface area 
whxch can also be used for processes such as etching, ion 
implantation or deposition. One application of the method 
usxng a negative tone resist is in forming contacts for a 
semxconductor structure. Another application is in etching 
openxngs for emitter tips of a Spindt cathode field emitter 

The method of the invention, simply stated, includes the 
steps of: forming a chromeless phase shift reticle with a 
pattern of parallel, spaced, elongated phase shifters- 
exposxng a layer of resist on a target using the reticle^ 
rotatxng the reticle about an axis; exposing the resist a 
second time using the rotated reticle to form features on the 
target at the projected points of intersection of the phase 
shxfters; and then developing the exposed resist 
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The method of the invention can also be implemented with 
multiple chromeless phase shift reticles and a single exposure 
step using a perfectly collimated exposure energy such as a 
laser beam. In this case the reticles would be formed and 
5 juxtaposed to project an intersecting pattern on the target. 
In a similar manner a single reticle having differently 
patterned areas formed to project an intersecting pattern on 
the target can be used. 



10 

Brief Description of the Drawings 

Figure 1A is a schematic plan view of a chromeless phase 
shift reticle; 

Figure IB is a cross section taken along section line 1B- 
15 IB of Figure 1A; 

Figure 2 is a schematic view illustrating operational 
characteristics of the phase shift reticle shown in Figure 1A 
and an exposure pattern formed on a target; 

Figures 3A-3C are schematic plan views of a reticle 
20 pattern achieved by rotating the reticle in Figure 1A about an 
axis coincident to the path of the exposure radiation and 
through an angle of 90*; 

Figure 4 is a schematic plan view of an exposure pattern 
formed at a target using the reticle pattern shown in Figure 
25 3; 

Figures 5A-5D are schematic cross sectional views 
illustrating steps in forming emitter sites of a field 
emission display using the method of the invention; and 

Figures 6A-6C are schematic cross sectional views 
30 illustrating steps in forming contact vias and contacts of a 
semiconductor structure using the method of the invention. 



Detailed Description of the Preferred Embodiment 
35 As used herein the term "reticle" refers to a "mask- that 

can be used to form a pattern of features on a target using 
photolithography. The reticle can be used directly to project 
a pattern onto the substrate. Alternately "working masks" can 
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are used interchangeably. Photoresist 
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With reference to Figure 2, the chromeless phase shift 
reticle 10 can be used to pattern a target 18 with a pattern 
of dark lines 20. Exposure energy 22, such as UV light, is 
directed through the reticle 10 and through a lens system 25 
to the target 18. The exposure energy 22 is collimated and 
travels along a path that is coincident to axis 30. The 
target 18 is coated with a layer of photoresist 23 which is 
exposed by the exposure energy 22. The exposed photoresist 23 
is subsequently developed for removing either the exposed 
portions of the photoresist 23 for a positive resist or the 
unexposed portions of resist for a negative resist. 

As shown by graph 24, the electric field on the reticle 
10 is stepped 180 # (n) out of phase by each phase shifters 14. 
As shown by graph 26, the electric field on the target 18 has 
a sinusoidal distribution, varying in amplitude from 1 to -1. 
As shown by graph 28, the intensity at the target 18 has a 
sinusoidal distribution with a pattern of zero intensities 
aligned with the edges of the phase shift lines 14. This 
intensity distribution at the target 18 is caused by the phase 
canceling of light passing through the phase shift lines 14 
relative to light passing through the grooves 16. The maximum 
phase canceling occurs at the edges of the phase shift lines 
14 which correspond to areas of zero intensity at the target 
18. 

With reference to Figures 3A-3C, an exposure process 
using the chromeless phase shift reticle 10 is shown. 
Initially, as shown in Figure 3A, the resist 23 on the target 
18 (Figure 2) is exposed using a first exposure step and 
reticle 10 orientation. Next, as represented by rotational 
arrow 32 in Figure 3B the phase shift reticle 10 is rotated. 
Preferably the phase shift reticle is rotated about an axis 30 
which is coincident to a path of the exposure energy 22. 
Using this rotated reticle position, the target 18 is exposed 
again. In this example, the amount of angular rotation about 
the axis 30 is 90*. A 90' angular rotation will produce a 
pattern of printed features that are equally spaced in a 
vertical and a horizontal direction. However, any amount of 
rotation that will cause points of intersection to be 
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projected onto the target 18 during a subsequent exposure step 
can be utilized. Rotational amounts other than 90* will 
produce a spacing that is different in the x and y directions 
for the features subsequently formed at the target 18. In 
general, the amount of rotation can be at any angle between CT 
to 360' but with 0*, 180" and 360' excluded. 

A double exposure with a 90' rotation of the reticle 10 
projects the reticle pattern 10A onto the target 18 depicted 
in Figure 3 . Alternately this same pattern can be formed with 
a chromeless phase shift reticle pattern from a second 
reticle, or from another location on the first reticle, which 
intersects the first exposure pattern. The points of 
intersection 3 4 in the projected reticle pattern 10A 
correspond to areas on the target 18 that are not exposed. 
The resultant exposure pattern at the target 18 is shown in 
Figure 4. In Figure 4, the features 3 6 printed on the 
photoresist 23 correspond to the projection of the points of 
intersection 34 of the projected reticle pattern 10A (Figure 
3C) . 

However, with the intersecting pattern technique, the 
features 36 do not print as points. Rather, due to the point 
spread function and imperfections in the lens system 25 
(Figure 2) the printed features 3 6 have a generally circular 
peripheral configuration. Advantageously, this circular 
peripheral area can be made with a sub micron diameter. 

Following the exposure process illustrated in Figures 3A- 
3C, the photoresist 23 is developed using a suitable 
developer. Only one development step is required. For a 
positive tone photoresist development results in the 
dissolution of the exposed photoresist but does not affect the 
unexposed photoresist. For a positive tone photoresist the 
features 36 (Figure 4) develop as solid areas or islands. For 
a negative tone photoresist, the development results in the 
dissolution of the unexposed photoresist but does not affect 
the exposed photoresist. For a negative tone photoresist the 
features 36 (Figure 4) develop as holes or openings. 

One aspect of the present method is that printed defects 
are minimized. Defects on the reticle 10 include pinholes, 
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spots, intrusions, and protrusions. With the method of the 
invention, most reticle defects will not print on the 
photoresist 23. Only the projected intersection points 34 of 
the phase shifters 14 will print on the photoresist 23. It is 
5 less likely that a defect will occur at these intersection 
points. In addition, targets 18 having a large surface area 
can be printed because a uniform pattern of features 3 6 can be 
maintained over a large area. The spacing of the phase shift 
lines 14 is a primary factor in forming the pattern. This 

10 allows targets having a diagonal dimension on the order of 9 
inches to 15 inches or greater to be patterned. 

Referring now to Figures 5A-5C, a specific application 
for the method of the invention is illustrated. In Figures 
5A-5C the method is used to form emitter sites 3 8 (Figure 5C) 

15 for a field emission display. U.S. Patent No. 5,3 02,23 8 to 
Roe et al. ; U.S. Patent No. 5,210,472 to Casper et al.; U.S. 
Patent No. 5,232,549 to Cathey et al . ; U.S. Patent No. 
5,205,77 0 to Lowrey et al . ; U.S. Patent No. 5,186,670 to Doan 
et al . ; and U.S. Patent No. 5,229,331 to Doan et al . ; all of 

20 which are incorporated by reference, disclose methods for 
forming various elements of field emission displays. 

In Figure 5A, a cathodic baseplate 40 for a field 
emission display is formed. The baseplate 40 can be formed of 
a material such as single crystal silicon. Other materials 

25 such as amorphous silicon deposited on a glass substrate can 
also be utilized. The baseplate 40 contains circuitry and 
electrical devices (not shown) which control the operation of 
the field emission display. For etching field emitter sites 
38 (Figure 3C) for the base plate 40, a mask layer 42 is 

30 deposited on the baseplate 40. The mask layer 42 can be 
formed of an insulating material that can be etched selective 
to the baseplate 40. The preferred material is an oxide such 
as silicon dioxide or silicon nitride. The mask layer 42 can 
be deposited using a suitable deposition technique (e.g., 

35 CVD) . A typical thickness for the mask layer 42 is about 500A 
to 3000A. 

A layer of positive tone photoresist 44 is deposited on 
the mask layer 42. The layer of photoresist 44 can be 
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deposited using a spin on process and then soft baked to drive 
out solvents. A typical thickness for the photoresist 44 is 
about 10,000A to 15,000A. The photoresist 44 is then exposed 
and developed using the method of the invention as previously 
explained. Development of the positive tone photoresist 44 
results in the dissolution of the exposed photoresist. With a 
positive tone photoresist 44, the solid areas of photoresist 
44 in Figure 5A correspond to the features 3 6 (Figure 4 ) 
formed on the target 18. 

Next, as shown in Figure 5B, the photoresist 44 is used 
to etch the mask layer 42 to form a hard mask 46. Depending 
on the materials used for the mask layer 42, this etch step 
can be performed using a wet or dry etch. As an example, 
silicon nitride can be etched with an SF 6 based plasma etch. 
The solid areas of the mask layer 42 form mask blocks that can 
be made very small by the phase shift photolithography 
process. Specifically, the diameter of the mask blocks for 
the mask layer 42 can be formed with sub-micron dimensions. 

Following formation of the hard mask 46, the photoresist 
44 is stripped. For a positive tone photoresist a solution of 
concentrated H 2 S0 4 and H 2 0 2 at about 150 'C can be used. Such 
an etch is referred to in the art as a "piranha" etch. 

Next, as shown in Figure 5C, the baseplate 40 is etched 
using the hard mask 46 to form pointed emitter sites 38. By 
way of example an isotropic etch can be used to form the 
emitter sites 38. For an isotropic etch in which the etch 
rate is the same in all directions, an etchant solution 
containing a mixture of HF, HNO3 , and H 2 0 can be utilized. 
With an isotropic etch the sidewalls of the emitter sites 38 
form with a radius of n r" and are undercut below the hard mask 
46. The value of the radius "r" is controlled by the etch 
parameters (i.e., time, temperatur e , concentration of etchant) 
and by the size of the solid areas of the hard mask 46. 

Following formation of the emitter sites 3 8 the hard mask 
46 is stripped using an etchant that is selective to the 
baseplate 40. A hard mask 46 formed of silicon nitride can be 
stripped using a wet etchant such as H3PO4. 
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Alternately, as shown in Figure 5D, the emitter sites 38A 
can be formed using an anisotropic etch. For an anisotropic 
etch, in which the etch rate is different in different 
directions, an etchant solution containing a mixture of KOH 
5 and H2O can be utilized. A dry etch process using CL2 
chemistries can also be used to anisotropically etch the 
emitter sites 38A. This results in the emitter sites 38A 
having sidewalls that are sloped at an angle of approximately 
54* with the horizontal. The slope of the sidewalls is a 

10 function of the different etch rates of monocrys talline 
silicon along the different crystalline orientations. The 
surface of the baseplate 40 represents the <100> planes of the 
silicon which etches faster than the sloped sidewalls that 
represent the <111> planes. 

15 With either the isotropic etch or the anisotropic etch 

the emitter sites 3 8 or 3 8A can be formed as elongated 
sharpened blades rather than as sharp points . Elongated 
blades can be formed by controlling the length and width of 
the solid portions of the hard mask 46. Additionally, in 

20 place of forming a hard mask 46 the photoresist 44 can be used 
directly to etch the substrate 40. 

Referring now to Figures 6A-6C, the method of the 
invention is illustrated for forming contacts 5 6 (Figure 6C) 
on a semiconducting substrate 48. The semiconducting 

25 substrate 48 is illustrated in simplified form and includes 
various integrated circuitry formed thereon. Initially an 
insulating layer 52 is deposited on the substrate 48. The 
insulating layer 52 can be formed of an insulating material 
that can be etched selective to the substrate 48. The 

30 preferred material is an oxide such as silicon dioxide or 
silicon nitride. The insulating layer 52 can be deposited 
using a suitable deposition technique (e.g., CVD) . A typical 
thickness for the insulating layer 52 is about 500A to 3000A. 

Next, a layer of negative tone photoresist 50 is 

35 deposited on the insulating layer 52. The layer of 
photoresist 5 0 can be deposited using a spin on process and 
then soft baked to drive out solvents,. A typical thickness 
for the photoresist 50 is about 10,OOOA to 15,000A. The 
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photoresist 50 is then exposed and developed using the method 
of the invention. Using the method of the invention the 
photoresist 50 is not exposed in areas corresponding to the 
projected points of intersection 34 (Figure 3) on the reticles 
10. 

As previously explained, the projected points of 
intersection 3 4 can be formed by rotating a reticle about an 
axis of the exposure energy. The projected points of 
intersection 34 can also be formed using multiple reticles and 
a perfectly collimated exposure source such as a laser beam 
in this case the reticles could be juxtaposed such as shown in 
Figure 3A and 3B to form the combined reticle pattern 10A 
shown in Figure 3C. Furthermore, the same result could be 
achieved by intersecting patterns formed on different 
15 locations of a single reticle. For a negative tone 
photoresist 50 development of the unexposed portions results 
in the formation of open areas 60 (Figure 6A) . Using the 
method of the invention these open areas 60 can be made very 
small (i.e., submicron) . 

Next, as shown in Figure 6B, the photoresist 50 is used 
to etch the insulating layer 52 to form an insulating mask 54 
with contact vias 62. Depending on the materials used for the 
insulating layer 52, this etch step can be performed using a 
wet or dry etch. As an example, silicon nitride can be etched 
with a suitable dry etchant. Following formation of the 
insulating mask 54, the photoresist 50 is then stripped using 
a piranha etch as previously described. 

Next, as shown in Figure 6C, a conductive material such 
as aluminum, titanium or tungsten is deposited over the 
insulating mask 54 and into the contact vias 62 to form 
contacts 56. The contacts 56 can be formed of a single 
material or as a stack of materials. A conductive trace 58 
can be formed in electrical communication with the contacts 56 
at the same time. The conductive trace 58 can be formed of a 
same material as the contacts 56 or out of a different 
conductive material. 

A negative tone photoresist can also be employed to form 
holes useful for forming field emission cathode structures 
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known in the art as Spindt cathodes. U.S. Patent No. 
3,755,704 to Spindt et al . , incorporated herein by reference, 
describes Spindt cathodes and methods for forming these 
structures. This type of Spindt cathode structure requires 
5 openings for needle like emitter sites formed on a substrate. 
The openings must be etched through various layers of material 
that have been deposited on the substrate. In this case a 
negative tone photoresist double exposed in accordance with 
the invention can be used to form a mask with open areas 60 as 

10 shown in Figure 6A. These open areas 60 can then be used to 
etch openings for the emitter sites. A similar process can be 
used to form an active matrix liquid crystal display. 

Thus the invention provides an improved method of phase 
shift lithography. While the invention has been described 

15 with reference to certain preferred embodiments, as will be 
apparent to those skilled in the art, certain changes and 
modifications can be made without departing from the scope of 
the invention as defined by the following claims. 
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WHAT IS CLAIMED IS: 



10 



15 



20 



25 



1- A method of phase shift lithography comprising: 
forming a target with a layer of resist thereon; 

forming a first and a second chromeless phase shift 
pattern; 

exposing the resist by directing an exposure energy 
through the first pattern and through the second pattern; and 

developing the resist to form features corresponding to 
projected points of intersection of the patterns. 



2. The method as claimed in claim 1 and wherein the 
resist has a positive tone and the features are solid areas. 

3- The method as claimed in claim 2 and wherein the 
solid areas are used to etch the target. 

4. The method as claimed in claim 3 and wherein the 
target is etched to form field emitter sites for a field 
emission display. 

5- A field emission display formed using the method 
recited in claim 4. 

6. The method as claimed in claim 1 and wherein the 
resist has a negative tone and the features are open areas. 

7. The method as claimed in claim 6 and wherein the open 
30 areas are used to deposit a material on the target. 

8. The method as claimed in claim 7 and wherein the 
deposited material forms contacts for a semiconductor device. 

35 9 - A se »iconductor device formed using the method 

recited in claim 8. 
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10. The method as claimed in claim 6 and wherein the 
open areas are used to etch the target. 

11. The method as claimed in claim 10 and wherein the 
5 open areas are used to etch openings for a Spindt cathode. 

12 . A field emission display having the Spindt cathode 
formed by the method recited in claim 11. 

10 13 . A method of phase shift lithography comprising: 

forming a chromeless phase shift reticle; 
forming a target with a layer of resist thereon; 
exposing the resist in a first exposure by directing 
an exposure energy through the reticle; 
15 rotating the reticle about an axis and through an 

angle ; 

exposing the resist in a second exposure by 
directing the exposure energy through the reticle; and 

developing the resist to form features corresponding 
20 to areas not exposed during both the first and second 
exposures . 

14. The method as claimed in claim 13 and wherein the 
25 resist is a positive tone and the features are solid areas. 

15. The method as claimed in claim 14 and further 
comprising etching the target using the solid areas. 

30 16. The method as claimed in claim 15 and wherein the 

target is etched to form emitter sites for a field emission 
display. 

17. The method as claimed in claim 13 and wherein the 
35 resist is a negative tone and the features are open areas. 
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18. The method as claimed in claim 17 and further 
comprising depositing a material on the target using the open 
areas . 

19 . The method as claimed in claim 17 and further 
comprising etching the target using the open areas . 

20. The method as claimed in claim 13 and further 
comprising using the features to form a hard mask on the 
target . 

21. A method of phase shift lithography conprising: 
forming a chromeless phase shift reticle with a 

pattern of parallel, spaced phase shifters; 

forming a layer of resist on a substrate; 

placing the reticle between the substrate and an 
exposure energy; 

exposing the resist by directing the exposure energy 
through the reticle during a first exposure step; 

rotating the reticle about an axis coincident to a 
path of the exposure energy; 

exposing the resist by directing the exposure energy 
through the reticle during a second exposure step; and 

developing the resist to form features on the 
substrate corresponding to intersection points projected onto 
the target by the phase shifters. 

22. The method as claimed in claim 21 and further 
comprising: 

forming an insulating layer on the substrate; 
forming the layer of resist on the insulating layer; 

and 

etching the insulating layer using the exposed and 
developed layer of resist to form a hard mask. 

23. The method as claimed in claim 21 and wherein the 
resist has a positive tone and includes features formed as 
mask blocks . 
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24. The method as claimed in claim 21 and wherein the 
resist has a negative tone and includes features formed as 
open areas . 

25. The method as claimed in claim 21 and wherein the 
features are formed as circles with a suhmicron diameter. 

26. A method for forming emitter sites for a field 
10 emission display comprising: 

forming a substrate with a layer of resist; 

exposing the resist using an exposure energy 
directed through a chromeless phase shift reticle having a 
pattern of parallel, spaced phase shifters; 
15 rotating the reticle about an axis and through an 

angle; 

exposing the resist a second time; 

developing the resist to form features corresponding 
to unexposed areas; and 
20 etching the substrate using the developed resist to 

form the emitter sites. 

27 . The method as claimed in claim 2 6 and further 
comprising: 

25 forming an insulating layer on the substrate; and 

forming an etch mask by etching the insulating layer 
using the developed resist. 

28. The method as claimed in claim 26 and wherein the 
30 resist is a positive tone resist. 

29. The method as claimed in claim 26 and wherein the 
substrate is anisotropically etched. 

35 30. The method as claimed in claim 26 and wherein the 

substrate is isotropically etched. 
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31. The method as claimed in claim 26 and wherein the 
axis is coincident to a path of the exposure energy. 

32. The method as claimed in claim 26 and wherein the 
5 reticle is rotated through an angle of 90*. 

33. The field emission display formed by the method 
recited in claim 26. 

10 34. A method for forming emitter sites for a field 

emission display comprising: 

forming a substrate with a layer of resist; and 
exposing the resist using an exposure energy directed 
through a phase shift reticle. 



15 



20 



35. The method as recited in claim 34 and further 

comprising : 

forming the reticle as a chromeless phase shift reticle 
with a pattern of parallel spaced phase shifters; 

rotating the reticle about an axis and through an angle; 
exposing the resist a second time; 

developing the resist to form features in the resist 
corresponding to unexposed areas; and 

etching the substrate using the developed resist to form 
25 the emitter sites. 

36. The method as recited in claim 3 5 and wherein the 
substrate has a diagonal dimension greater than nine inches. 

30 37. The method as recited in claim 35 and wherein the 

substrate has a diagonal dimension greater than fifteen 
inches . 



35 



38. A field emission device including field emitter 
sites formed by a method comprising the steps of: 
forming a substrate- 
forming a layer of resist on the substrate; 
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form the emitter sites. 

39. The field emission device as recited in claim 38 and 
wherein the resist has a positive tone. 



40. The field emission device as recited in claim 3 8 and 
wherein the reticle is rotated through an angle of 90*. 

41. A method of phase shift lithography comprising: 



reticle each said reticle having a pattern of parallel spaced 
phase shifters; 

forming a target with a layer of resist thereon; 

exposing the resist by directing an exposure energy 
25 through the first and second reticles, with the reticles 
placed in a path of the exposure energy to project an 
intersecting pattern on the resist; and 

developing the resist to form features corresponding 
to areas on the resist not exposed by the first or second 
30 reticle. 

42. The method as claimed in claim 41 and wherein the 
target is etched to form field emitter sites for a field 
emission display. 



43. The method as claimed in claim 41 and wherein the 
target is etched to form contact openings for a dynamic random 
access memory chip. 



15 



20 



forming a first and a second chromeless phase shift 



35 
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44. The method as claimed in claim 41 and wherein the 
target is etched using the developed resist . 

5 45. The method as claimed in claim 41 and wherein the 

target is ion implanted using the developed resist. 

46. The method as claimed in claim 41 and wherein the 
target is used to form an active matrix liquid crystal 

10 display. 

47. The method as claimed in claim 41 and wherein the 
target includes an array of repetitive patterns used in the 
fabrication of an electronic device. 

15 

48. A method of phase shift lithography comprising: 
forming a target with a layer of resist thereof- 
forming a chromeless phase shift reticle; 
exposing the resist a first time by directing an 

20 exposure energy through a first phase shift region of the 
reticle; 

exposing the resist a second time by directing the 
exposure energy through a second phase shift region of the 
reticle; and 

25 developing the resist to form features corresponding 

to areas unexposed during the first and second times. 
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